ABSTRACT: Although analyses of macrobenthic infaunal communities traditionally require identification of the organisms to the species level, there is still only a limited number of studies which have examined the use of higher-level taxa in monitoring surveys. These generally indicate that identification of organisms to the lowest possible taxon may not always be necessary to enable description of spatial patterns in routine environmental and pollution monitoring programs. In other fields of marine ecology, such as studies of biodiversity, comparative investigations over large geographical areas, and the development of rapid-assessment techniques, the use of identification to higher taxonomic levels is often necessary. Detailed comparative studies of faunal patterns at various taxonomic levels are therefore important. This study uses multivariate analyses of macrofauna and environmental data from 20 separate investigations in the Skagerrak and North Sea to examine faunal patterns at different taxonomic levels. Data are analysed at the levels of species, genus, family, order, class and phylum. Transformation of data is also considered since degree of tlansforrnation is as important in determining the outcome of subsequent analyses as the taxonomic level to whlch organisms are Identified. Correlations between the underlying similarity matrices at the species level and higher taxonomic levels show highest values in polluted areas, lower values in less disturbed areas and lowest values in pnstine areas, indicating that the faunal patterns for the various taxonomlc levels become more similar as the degree of disturbance increases. For those areas where time-senes data are available it is shown that, as contamination increases, correlations between the faunal patterns at all taxonomlc levels, but especially the highest levels, and the environmental variables tend to increase, and after several years of contamination all the correlations are high, independent of taxonomic level. Again, the faunal patterns at the different taxonomic levels tend to become more s~milar as a result of increased pollution For all 20 investigations, highest correlations between faunal patterns (i.e. the underlying similarity matrices) and environmental variables were mainly found at the levels of species, genus and family, and often there was a distinct drop in correlation value between family and order In most cases, ~ndependent of the level of pollution, there is only a minor reduction in correlation between species and family, suggesting that identification to the level of family may be satisfactory in many routine monitonng surveys. The debate about the level of taxonomic resolution required for routine environmental monitoring becomes relatively unimportant if the effects of choosing different transformations are not also considered.
INTRODUCTION
and to relate them to measured environmental variables, traditionally require that organisms be identiEnvironmental monitoring and pollution assessment fied to the species level. There is still only a limited programmes, the main objective of which is often to number of studies in which the use of abundances of identify the principal patterns in community structure higher-level taxa (such as genera and families) has been examined as an alternative to species-level iden- 'E-mail: frode.olsgard@bio.uio.no tification. The potential usefulness of higher-level taxa in these investigations is related to whether data at higher taxonomic levels still enabIe us to assess most of the variation in community structure. The important question, therefore, is to what taxonomic level is it necessary to identify organisms in order to meet, adequately, the objectives of a study. If appropriate multivariate analyses of data from a taxonomic level higher than species result in similar groupings, this would be a strong indication that higher-level taxa are sufficient in that particular investigation. Several authors have pointed out the need for further investigations of 'taxonomic sufficiency' (sensu Ellis 1985) before general recommendations are given for future macrobenthic monitoring surveys (e.g. Warwick 1988a , Gray et al. 1990 , Vanderklift et al. 1996 , Olsgard et al. 1997 . Warwick (1988a) suggested that the results of multivariate analyses based on higher taxa may more closely reflect gradients of contamination than those based on species abundances, the latter being more affected by natural environmental variables. Several authors (e.g. Pearson & Rosenberg 1978 , Boesch & Rosenberg 1981 , Ferraro & Cole 1990 have suggested that the relevance of higher taxonomic levels may be a consequence of the hierarchical structure of biological responses to stress. In a hierarchic-response-to-stress hypothesis they propose that, as toxic stress increases, the adaptability of first the individual, and then species, genus, family etc., is exceeded, and therefore impacts resulting from increasing stress are manifest at higher and higher taxonomic levels. This implies that if disturbance increases in a particular area, the faunal gradients become stronger, and therefore identification of organisms to higher taxonomic levels should enable clearer taxonomic identification of changes in community structure.
Studies of patterns in biodiversity have received increasing interest durlng recent years, as the rapid loss of marine habitats, and thereby marine biodiversity, especially in coastal areas, has become of concern (Gray 1997) , raising the importance of methods by which biodiversity may be investigated over larger geographical areas. Macrobenthic investigations using abundances of organisms at levels higher than species may seem contradictory in such studies, where identification to the species level is the norm. However, in most marine areas with high biodiversity, such as the tropics, there is also a lack of taxon.omic literature and expertise. Furthermore, lt is difficult to examine such patterns at the level of species where different areas have few or no species in common. To overcome these problems, such investigations can only be realised using identification to higher taxonomic levels. Comparative studies between regions using higher taxonomic levels include investicjations from terrestrial (e.g. Prance 1994 , Williams & Gaston 1994 , freshwater (e.g Gaston et al. 1995 , Willlams et al. 1997 ) and marine (e.g. Roy et al. 1996 , Myers 1997 environments. Other manne examples include the investigation of longitudinal and latitudinal diversity gradients, described among others in Stehli et al. (1969) , Clarke (1992) , Etter & Grassle (1992) and Gray (1997) . Also, in experimental work, higher taxonomic levels have been used as proxies for species-level identification (Morrisey et al. 1995 (Morrisey et al. , 1996 .
Because attempts to catalogue the distribution of biological diversity may be facilitated by focusing at the level of genera or families rather than species, the development of rapid-assessment techniques, which also use identification of organisms to levels higher than species, will probably be an important, integral part of such studies. We will probably see, in environmental monitoring, biodiversity and rapid-assessment studies, an increased number of investigations performed using identification to higher taxonomic levels.
Although there is considerable debate about the validity of using taxonomic levels other than species in community investigations, there has been little consideration of other decisions made during the analyses of the data collected in such studies. For example, transformations are routinely employed in multivariate analyses to adjust the influences of common and rare taxa. Results of analyses using untransformed abundances reflect changes among the numerically dominant taxa, whereas a strong transformation, such as reducing abundances to presence/absence, gives all taxa an equivalent weighting regardless of their relative abundances. The choice of transformation used to analyse a set of data can influence the results of consequent analyses just as much as the choice of taxonomic level (Olsgard et al. 1997) , and it is important that Investigations into the utllity of higher-level taxa in monitoring surveys also consider relevant aspects of consequent analyses. It is time that more detailed, comparative studies of faunal patterns at the various taxonomic levels are undertaken to examine general patterns and enable recommendations for future work. The present study is a contribution to these investigations.
MATERIALS AND METHODS
Macrofaunal abundances (pooled data from either 4 or 5 replicate grabs from each station) from 20 separate investigations at 10 011 and gas fields in the North Sea and 2 areas in the Oslofjord, Norway, collected between 1985 and 1993 at depths between 14 and 380 m, are used in this study (Fig. 1, Table 1) . A comprehensive analysis of most of these data was performed by Olsgard & Gray (1995) in order to detect effects of pollution from offshore oil and gas activities on the macrobenthos. Species abundances from each investigation were aggregated to the levels of genus, family, order, class and phylum following the taxonomic classification of Howson (1987) . Subsequent calculations were done using the PRIMER package (Clarke & Wdr-640 wick 1994) . From the resulting 6 different abundance matrices for each investigation, a total of 24 ranked matrices of similal-lties anlong samples from each investigation were con-,,, structed using the Bray-Curtis similarity measure (Bray & Curtis 1957 ) and the following transformations: none, square root, fourth root and presence/absence. Multivariate patterns in 6 0 ' these matrices were compared using the method of Somerfield & Clarke (1995) , whereby rank correlations, calculated between pairs of similarity matrices, become the elements of a second similarity matrix, which is then 58". used as a n input matrix for a 'secondstage' MDS (multidimensional scaling) ordination. In such a n ordination each symbol represents a similarity matrix, and the relative distances betwcen 56' syn~bols indicate how similar they are. Thus the patterns in a number of si.milarity matrices from each investigation can be compared simultaneously, e.g. Fig, Locations to study the relative effects of aggregation and transformation on multivariate patterns.
The rank correlation used, prior to ordination, was a modified Spearman rank correlation, the harmonic rank correlation of Clarke & Ainsworth (1993) , which downweights the effects of larger rank dissimilarities. This minimises the effect of outliers, which can have a large influence on Spearman rank correlation calculated between similarity matrices. Correlations (Spearman rank) between similarity matrices for species abundances and matrices derived from abundances of higher taxonomic levels were also calculated for each field, using RELATE (Clarke & Warwick 1994) . Ordination was by non-metric MDS, and the goodness-of-fit of the resulting 2-dimensional plots was measured using Kruskal's Stress Formula I (Kru.ska1 & Wish 1978 , Clarke & Green 1988 .
The relationships between patterns in multivariate con~munity structure and environmental variables in each survey were examined using the BIO-ENV procedure (Clarke & Ainsworth 1993 biotic data and matnces derived from various subsets of environmental vanables, thereby defining suites of variables most closely correlated with the observed biotic structure. The environmental variables were converted to approximate normality using a log,, transformation prior to these analyses, and for each survey all 24 similarity matrices (6 taxonomic levels X 4 transformations) were analysed separately. The actual environmental variables measured in each investigation, and the suite of variables most closely correlated with the biotic structure in each similarity matrix, are different. It is not the aim of the present paper to discuss the details of these relationships in any depth. Instead w e make the assumption that, in all of the original investigations, a sensible and relevant set of environmental variables were chosen, and that by using BIO-ENV to select the most relevant subset of variables the goodness-of-fit between environmental vanables and biotic structure is maximised. Links between fauna1 patterns and environmenti~l variables are often, used to find the variables 'best' explaining spatial or temporal patterns in benthic communities. The underlying assumption is that fauna1 patterns are a function of variation in environmental conditions. However, in the present paper we follow the method of Olsgard et al. (1997) , who used results from BIO-ENV to reveal which taxonomic level and transformation give the 'best' description of community patterns, defined as those giving the maximum correlation with the environmental variables.
RESULTS
A summary of basic data from the 20 surveys is shown in Table 1 , in which pollution history indicates the number of years since contamination started. The surveys with 0 yr of pollution history are baseline studies performed before production of oil and gas commenced. Olsgard & Gray (1995) used the number of species 500 m from the source of contamination as a percentage of the number of species at the control and/or unaffected stat i o n (~) to indicate the degree of pollution. We use a modified measure to indicate the degree of pollution (Table l ) , in which a value of 0 indicates an unpolluted area, and 100 indicates a highly polluted area. The original investigations can be seen to span a range of pollution histories, from unpolluted areas to areas with a long history and severe degree of pollution.
One major consequence of identification to higher taxonomic levels is that abundances are discriminated into a smaller number of larger groups. If an effect of pollution is the alteration of the balance between numbers of species and numbers in higher taxonomic groups, this will have consequences for the way In which perceived patterns differ in analyses based on abundances of different taxonomic levels. As an example, if pollution reduces the number of species in each family to a single species, then in polluted areas analyses based on family abundances will be identical to those based on species abundances. The number of species, genera, families, orders, classes and phyla within each survey is given in Table 2 . The number of families as a percentage of the number of species varies from 35.0% (Inner Oslofjord 1993) to 72.6% (Valhall 1985) , with a mean value of 54.5% for all surveys, and is related to the total number of species within each survey (Pearson's correlation, r = 0.90, n = 20, p < 0.001). For the various surveys there is, however, no significant relationship between the number of famil~es as a percentage of the number of species and the degree of pollution, indicated in Table 1 (r = 0.16, n = 20, p = 0.515).
In order to examine whether there are consistent differences in the way in which patterns change with changes in taxonomic level and transformation we use 'second-stage' MDS ordinations (Figs. 2 & 3) . Each plot shows the interrelationships between the 23 of the 24 similarity matrices derived from the ab.undance data gathered in each study. The matrix derived from presence/absence of phyla is omitted In each case, as it is so different that its inclusion obscures the relationships between the others. For every survey the ordinations show 'fan patterns', with a horizontal separation of taxonomic levels and a vertical separation of transformations. This clearly shows that the effects of aggregation and transformation are to a large extent unrelated, confirming in more general terms the findings of Olsgard et al. (1997) . Although there are differences in the shapes of the fan patterns, these do not seem to be linked to whether an area is clean or contaminated. In all plots it can be seen that matrices derived from species, genus and family abundances constructed using the same transformation tend to cluster together, indicating that the similarity matriccs are closely related to each other. Transformation has more of an effect than the level to which organisms are identified (symbols are further apart), and as the taxonomic level increases the effects of subsequent transformations become stronger. There is a relationship between the level of pollution in an area and correlations between similarity matrices derived from species abundances and those derived from abundances of higher taxa (Fig. 4) . In polluted areas, such as Gyda 1993 , Valhall 1991 , Ekofisk 1990 , Statfjord C 1993 and Veslefrikk 1993 , the correlations between the species levels and higher taxonomic levels are relatively high (low slope), indicating that in polluted areas, where the initial faunal patterns are strong, these patterns are evident when data are aggregated to higher taxonomic levels, even to the levels of class or phylum. For the baseline studies and in mlldly polluted areas, where patterns are weak to begin with, the correlations are lower.
The hierarchic-response-to-stress hypothesis suggests that, as toxic stress increases, the adaptability of first the individual, and then species, genus, family, etc., is exceeded, and a s a consequence changes resulting from increasing stress are manifest a t higher and higher taxonomic levels. Thus it might be expected that the taxonomic level most highly correlated with measured environmental variables, including contaminants, will increase with increasing levels of stress. The results from BIO-ENV analyses of data from 3 subsequent investigations at each of the Valhall, Cyda and Veslefrikk fields (Table 3) indicate that there is no simple relationship between the time for which a stress is applied, or the degree of pollution, and the correlation values. For the Valhall field the highest correlations occur around the levels of genus, family or order, independent of transformation. At the Gyda and Veslefrikk fields the highest correlations occur with a wider range of taxonomic levels, depending on which transformation is used, a n d there is a tendency for correlation values at all taxonomic levels to increase a s the degree of pollution increases through the years and as gradients are established. This implies that the faunal patterns at different taxonomic levels tend to become more similar. At the Valhall fleld these trends are less obvious, probably because high levels interactions are more important structuring factors than variation in environmental variables. Strong correlations, i.ncluding those with higher taxonomj.~ levels, are generally found in areas with, a longer pollution history, e.g. Valhall 1991 , Gyda 1993 , Veslefrikk 1993 , Ekofisk 1990 and Statfjord C 1993 . In most cases the maximum correlation values were found with the species level, but it should be noted that there is only a minor drop in correlation values between the levels of species, genus and family. Thus the identification of organisms to the levels of genus or family, or even to higher taxonomic levels, still results in interpretable fauna1 ordinations in polluted areas. For the majority of the surveys examined the most obvious drop in correlatlon values occurs between the taxonomic levels of order and class, which is in agreement with the pattern evldent in Fig. 4 .
DISCUSSION
In analyses of data from the 1991 survey of the Valhall field, aggregated to various taxonomic levels, Olsgard et al. (1997) showed that choices of both taxo-nomic level and transformation were important in affecting the results of subsequent analyses. The effects of each were different and, to a large extent, unrelated as 'second-stage' MDS of inter-matrix rank correlations showed orthogonal separation of groups by taxonomic levels and 'by transformations. In the present study, results from both offshore and inshore areas showed similar 'fan patterns' to that found for Valhall 1991 (Figs. 2 & 3) . No evidence was found to suggest an impact of pollution on the general pattern. It is shown that for each separate transforn~ation the ordinations derived from abundances of species, genera and families are, in most cases, similar (symbols close together). At the level of order the differences from these lower taxonomic levels become more obvious (symbols further apart), and these differences increase as abundances are aggregated to classes and phyla. Warwick (1988a, b) and Gray et al. (1990) Fig. 4 . Degree of correlation between the underlying fauna1 similarity matrices for the species level and the matrices for the higher taxonomic levels at each f~eld. Data are square root transformed Table 4 . Results from BIO-ENV, comparing environmental variables with fauna for the 20 investigations, to show the taxonomic level and transformation giving the 'best' description of community patterns in each area. Maximum correlation values for each investigation in bold. Fauna1 data are square root transformed. Degree of pollution as in Table 1 Heidrun (1995) found that correlations between matrices derived from abundances of species and abundances of phyla were r = 0.750 and r = 0.799, respectively, and they concluded that results from analyses conducted at the highest taxonomic levels could be interpreted. In the survey of Valhall in 1991 (Olsgard et al. 1997 ) correlations between the underlying similarity matrices derived from species abundances and those from abundances of genera, families and orders were high (r = 0.99, 0.99 and 0.97, respectively) but lower for abundances of classes and phyla (r = 0.91 and 0.89, respectively). They also concluded that, given an established pollution gradient in an area, the main faunal patterns can still be discovered using abundances of higher taxonomic levels, even at levels as high as class or phylum. The present study seems to confirm the generality of these findings. In polluted areas, such as Gyda 1993 , Ekofisk 1990 , Statfjord C 1993 and Veslefrikk 1993 high correlations between species and higher taxonomic levels are found. In less perturbed, but still polluted areas with clear gradients in the community structure of the benthic fauna, such as Gullfaks B 1993 , Inner Oslofjord 1993 and Valhall 1988 , the correlations between the species level and the levels of class and phylum are somewhat lower, compared to the most affected areas, implying that lower taxonomic levels should be used. In baseline studies, such as Snorre 1989 , Heidrun 1988 , Gyda 1987 and Togi 1989 was an obvious drop in correlation values between matrices derived from species abundances and those derived from all higher taxonomic levels. For these surveys, the levels of class and phylum correlations were always lower than r = 0.70, implying that in areas with weak gradients in faunal composition, ana.lyses at the levels of class or phylum should be avoided. In general there was a gradual increase in the correlation values between abundances at the species level and the various higher taxonomic levels for the fields where pollution impact increased over time (Valhall, Gyda and Veslefrikk) . This clearly lends support to the hierarchic-response-to-stress hypothesis (Pearson & Rosenberg 1978 , Boesch & Rosenberg 1981 , Ferraro & Cole 1990 .
Although identifying organisms to a taxonomic level higher than species, to family for example, potentially shortens the time needed to identify the animals and thereby reduces the cost of a survey, this will only be of use if the assumption underlying most environmental surveys, namely that faunal patterns are a function of variations in environmental conditions and that changes in the environment elicit detectable responses in the fauna, holds true for abundances of higher taxa. Olsgard et al. (1997) used the correlation values from BIO-ENV to examine whlch combination of taxonomic level and transformation gave the best match wlth the measured environmental variables for Valhall 1991, as a method to reveal the 'best' taxonomic level and transformation to choose to describe the community patterns within a particular area, and found that the maximum correlation was for square root transformed abundances at the family level. Table 3 clearly indicates that the choices of both taxonomic level and transformation have impacts on the correlation values, but in general as the degree of pollution increases the correlation values for all taxonomic levels tend to increase, suggesting that where gradients are established investigations based on higher taxonomic levels are likely to be of use in describing the main patterns in faunal composition. Warwick (1988a Warwick ( , b, 1993 suggested that community responses to pollution should be more evident at hjgher taxonomic levels than specles since analyses based on species abundances are more likely to be complicated by natural environmental heterogeneity than analyses of higher taxonomic levels. Thus community responses to human perturbations may be detected more easily above the noise of natural variability by working at high taxonomic levels, especially in geographically large and environmentally heterogeneous areas. This Idea is supported by Smith & Simpson (1993) in a study of effects of pollution on kelp holdfast macrofauna in New South Wales, Australia, although Wright et al. (1995) came to the opposite conclusion in a study of benthic macroinvertebrates in upland streams in New South Wales. In the present study we investigated data from surveys representing disturbance gradients from geographically limited areas, which were perhaps too small to test this idea properly. We note, however, that for those investigations from environmentally heterogeneous areas such as Veslefrikk, Gullfaks and Statfjord the species or genus levels give the highest BIO-ENV correlation values (Table 4) , and the level of phylum gives the lowest correlations. Thus these analyses do not support the idea that higher taxonomic levels in heterogeneous environments reflect the effects attributable to perturbation more clearly, although they may d.o so over larger areas.
In all the 20 investigations examined in this study, independent of levels of pollution, both 'second-stage' MDS (Figs. 2 & 3) and show that aggregation of data to the level of family in most, not to say all, cases produces results which are very close to those based on species-level identification, adding weight to the findings of previous studies that data aggregated to family level are no less informative than species-level data in studies aimed at detecting con~munity patterns (Warwick 1988a , b, Ferraro & Cole 1990 , James et al. 1995 , Somerfield & Clarke 1995 , Vanderklift et al. 1996 , Olsgard et al. 1997 . Although these findings could be used to make a general recommendation that the family level is a suitable level for fauna1 identification in studies of marine macrofauna, this will to a large extent depend on the objectives of each individual investigation. In baseline studies, and ecologically orientated surveys, the identification of organisms to the level of species is highly recommended. Only with such data is a complete knowledge of the pre-impact community composition possible, revealing to what extent there are species of particular ecological importance (keystone species) or potential commercial value in the area in question. In biodiversity studies, where differing areas being compared have few or no species in common, analyses based on higher taxonomic levels are necessary. Most examinations of taxonomic levels in macrobenthic community studies have, a s here, been performed on data collected in monitoring surveys in areas affected by pollution. A limited identification of organisms, to the family level for example, is of particular interest in repeated routine investigations. In benthic sampling programmes a great portion of the resources is spent in identifying organisms in the laboratory and there is a high potential for time and cost savings through the use of coarser taxonomic resolution. Time and money saved could also be allocated elsewhere, for example to allow for more samples to be taken, giving better spatial coverage of the area under study. For the 20 investigations in the present study, aggregation of data from species to family level reduced the mean number of taxa to 54.5% (Table 2) , which indicates a saving potential of almost 50% by using family instead of species identification. However, if unexpected trends in benthic community patterns are discovered using abundances of families, then identification can still be continued to the level of species in order to elucidate the details of the detected changes.
The finding of Olsgard et al. (1997) that the degree of transforn~ation chosen is as important to the outcome of consequent analyses as the taxonomic level to which the fauna is identified is shown to be true for all the investigations examined in this study. Of course it is important to realise that abundance data are not transformed to satisfy statistical assumptions, but simply to adjust the contributions of taxa to inter-sample similarities (Clarke 1993) . With no transformation, only a few dominant taxa will contribute to the similarities, whereas with a presence-absence transformation all taxa are equally important. The choice of transformation is, therefore, one that should be made with d u e consideration by the investigator.
In monitoring programmes it is often the case that all individuals are identified to species level and then the data are routinely analysed using a fourth root transformation. If no other transformation need be considered, then time can be saved during data collection by noting that a fourth root transformation is roughly equivalent to reducing abundances to a scale of 0 = absent, 1 = 1 individual, 2 = a few individuals, 3 = several individuals, 4 = abundant, 2 5 = very abundant (Clarke & Warwick 1994) ; hence, rather than counting all the individuals in samples it would only be necessary to assess their abundance on a crude scale a n d then use the (untransformed) values in subsequent multivariate analyses.
